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APPARATUS FOR CONTROLLING DISPLAY 
MEMORY FOR STORING DECODED 

PICTURE DATA TO BE DISPLAYED AND 
METHOD THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an apparatus for control 
ling a Writing operation and a reading operation of a display 
memory for decoded picture data to be displayed on a 
monitor and a method thereof. 

2. Description of the Related Art 
In the MPEG2 system, picture data can be encoded in 

both a frame structure and a ?eld structure. The encoded 
picture data is decoded each macroblock, of Which is com 
posed of 16x16 pixels. 

To display decoded picture data in the raster scanning 
method, a display memory is required so as to hold the 
decoded picture data until it is displayed. The picture data as 
a macroblock is read and Written from/to the display 
memory in the folloWing manner. 

As shoWn in FIG. 8, the decoded picture data as one 
macroblock are arranged in the horiZontal direction and 
successively Written to the display memory. Each roW of 
macroblock arranged in the horiZontal direction is referred 
to as slice. Each slice is composed of a sequence of 16 
pixels. Hereinafter, a block of slices that are present at the 
same vertical position is referred to as one slice line. 

As shoWn in FIG. 9A, picture data stored in the display 
memory is read doWnWardly line by line and thereby the 
read picture data is displayed in the raster scanning method. 
Thus, unless picture data for one slice line has been decoded 
it cannot be displayed in the raster scanning method. 
Consequently, as shoWn in FIG. 9B, the display memory 
requires a storage capacity for tWo slice lines. Thus, the 
display memory has an area 101 for storing a slice line that 
is read and displayed and an area 102 for storing data of the 
next slice line. 

In addition, an area from Which picture data has been read 
is assigned to a Write area for the subsequently decoded 
picture data. HoWever, as shoWn in FIG. 10, since decoded 
picture data is Written as one macroblock to the memory, 
unless picture data for one slice line has been read, the 
memory area for the slice line can be assigned to a memory 
area for the subsequently decoded picture data. Thus, as 
shoWn in FIG. 9B, the display memory should have a storage 
capacity for at least tWo slice lines. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
apparatus that alloWs the required storage capacity of a 
display memory used in a unit that displays picture data that 
has been decoded as one macroblock to be decreased and a 
method thereof. 

To accomplish the above-described object, a ?rst aspect of 
the present invention is an apparatus for controlling a 
display memory for storing decoded picture data as one 
macroblock, comprising a dividing means for dividing 
decoded picture data as one macroblock in a vertical 
direction, a Write address generating means for generating 
the binary value of a Write address necessary for Writing the 
divided picture data to the display memory, a means for 
counting the number of slice lines of picture data that has 
been Written to the display memory, a ?rst shifting means for 
rotating and shifting the binary value of the generated write 
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2 
address to the left by a ?rst bit number corresponding to the 
number of slice lines counted, a means for Writing the 
divided picture data to the display memory corresponding to 
the Write address that has been rotated and shifted, a read 
address generating means for generating the binary value of 
a read address necessary to read picture data from the 
display memory, a second shifting means for rotating and 
shifting the binary value of the generated read address to the 
left by a second bit number corresponding to output data of 
the counting means, and a means for reading picture data 
from the display memory corresponding to the read address 
that has been rotated and shifted. 
A second aspect of the present invention is a method for 

controlling a display memory for storing decoded picture 
data as one macroblock, comprising the steps of dividing 
decoded picture data as one macroblock in a vertical 
direction, generating the binary value of a Write address 
necessary for Writing the divided picture data to the display 
memory, rotating and shifting the binary value of the gen 
erated Write address to the left by a ?rst bit number corre 
sponding to the number of slice lines counted, Writing the 
divided picture data to the display memory corresponding to 
the Write address that has been rotated and shifted, gener 
ating the binary value of a read address necessary to read 
picture data from the display memory, rotating and shifting 
the binary value of the generated read address to the left by 
a second bit number corresponding to the number of splice 
lines of picture data that has been Written to the display 
memory, and reading picture data from the display memory 
corresponding to the read address that has been rotated and 
shifted. 

In other Words, according to the present invention, When 
picture data that has been decoded as one macroblock is 
Written to the display memory and then the picture data is 
read from the display memory and displayed in the order of 
the raster scanning method, a memory area from Which 
picture data has been just read is assigned as a Write area for 
picture data of the next slice line. Thus, according to the 
present invention, the storage capacity necessary for the 
display memory can be decreased. In more reality, so far, a 
memory With a storage capacity that stores picture data for 
tWo slice lines Was required. HoWever, according to the 
present invention, the required storage capacity can be 
decreased to a storage capacity for one slice line. 

These and other objects, features and advantages of the 
present invention Will become more apparent in light of the 
folloWing detailed description of a best mode embodiment 
thereof, as illustrated in the accompanying draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram shoWing the structure of an 
apparatus according to an embodiment of the present inven 
tion; 

FIG. 2 is a schematic diagram shoWing a method for 
dividing macroblock of picture data that is input to the 
apparatus shoWn in FIG. 1; 

FIG. 3 is a schematic diagram for explaining a controlling 
process for Writing a ?rst slice line of picture data that has 
been input to the apparatus shoWn in FIG. 1 to a display 
memory; 

FIG. 4 is a schematic diagram for explaining a controlling 
process for reading the ?rst slice line of picture data from the 
display memory of the apparatus shoWn in FIG. 1; 

FIG. 5 is a schematic diagram for explaining a controlling 
process for Writing a second slice line of picture data that has 
been input to the apparatus shoWn in FIG. 1 to the display 
memory; 
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FIG. 6 is a schematic diagram for explaining a controlling 
process for reading the second slice line of picture data from 
the display memory of the apparatus shoWn in FIG. 1; 

FIG. 7 is a schematic diagram shoWing the relation 
betWeen an area from Which data has been read and an area 
to Which data of the next slice line is Written, these areas 
being disposed in the display memory of the apparatus 
shoWn in FIG. 1; 

FIG. 8 is a schematic diagram for explaining a method for 
Writing macroblock of decoded picture data to a display 
memory of a conventional apparatus; 

FIG. 9A is a schematic diagram for explaining a method 
for reading picture data from the display memory in the 
conventional apparatus; 

FIG. 9B is a schematic diagram for explaining a required 
storage capacity of the display memory of the conventional 
apparatus from a vieW point of a method for reading picture 
data from the display memory; and 

FIG. 10 is a schematic diagram for explaining a required 
storage capacity of the display memory of the conventional 
apparatus from a vieW point of a method for Writing picture 
data to the display memory. 

DESCRIPTION OF PREFERRED EMBODIMENT 

Next, With reference to the accompanying draWings, an 
embodiment of the present invention Will be described. 
As shoWn in FIG. 1, the apparatus according to the 

embodiment of the present invention comprises a data 
dividing portion 1, a Write address generator 2, a slice 
counter 3, a ?rst rotate-shifter 4, a display memory 5, a 
memory Writing means 6, a read address generator 7, a 
second rotate-shifter 8, and a memory reading means 9. 

The data dividing portion 1 receives data from a decoder 
(not shoWn) that decodes picture data that has been encoded 
corresponding to the MPEG system. Data that is output from 
the decoder is picture data as one macroblock, of Which is 
composed of 2”><2” pixels (for example, 16x16 pixels in the 
case that n is 4). The data dividing portion 1 divides the 
picture data as one macroblock into 2” pieces of data 
arranged in the vertical direction, Where 2” pixels arranged 
in the horiZontal direction (raster scanning direction) com 
pose one Word. 

The Write address generator 2 generates binary values of 
Write addresses of Which individual Words of data divided by 
the data dividing portion 1 are Written to the display memory 
5. The Write address generator 2 outputs “0” as the start 
address of the slice line and then binary values of Write 
addresses that increment by “1” for individual Words. 

The slice counter 3 counts the number of slice lines to 
Which data has been Written in the display memory 5 
(namely, the number of slice lines that have been decoded). 
Hereinafter, output data of the slice counter 3 is referred to 
as slice count value. 

The ?rst rotate-shifter 4 rotates and shifts the binary value 
of each Write address that is output from the Write address 
generator 2 to the left by (slice count value><n) bits. The ?rst 
rotate-shifter 4 outputs the resultant data as a rotated-shifted 
Write address. 

The memory Writing means 6 Writes picture data to the 
display memory 5 corresponding to the rotated-shifted Write 
address received from the ?rst rotate-shifter 4. 

The read address generator 7 generates binary values of 
read addresses With Which picture data stored in the display 
memory 5 is displayed on a monitor in the raster scanning 
method. 
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4 
The second rotate-shifter 8 rotates and shifts the binary 

value of each read address that is output from the read 
address generator 7 to the left by ((slice count value—1)><n) 
bits. The second rotate-shifter 8 outputs the resultant data as 
a rotated-shifted read address. 

The memory reading means 9 reads each Word of decoded 
picture data from the display memory 5 corresponding to the 
rotated-shifted read address received from the second rotate 
shifter 8 in the order of the raster scanning method of a 
monitor (not shoWn) and then output to the monitor. 

Next, the operation of the apparatus Will be described. 
Picture data of a ?rst slice line as one macroblock that are 

received from the decoder is supplied to the data dividing 
means 1. As shoWn in FIG. 2, the data dividing means 1 
divides data into 2” pieces assuming that 2” pixels arranged 
in the horiZontal direction compose one Word. In FIG. 2, the 
picture data as one macroblock is composed of 16x16 pixels. 
Thus, the data dividing means 1 divides decoded picture data 
as one macroblock into 24=16 pieces. 

The Write address generator 2 generates binary values of 
Write addresses that increment by “1” from “0” such as “0”, 
“1”, “2”, “3”, and so forth. The Write address generator 2 
outputs the binary values to the ?rst rotate-shifter 4. 
The ?rst rotate-shifter 4 receives a slice count value from 

the slice counter 3 and rotates and shifts each Write address 
received from the Write address generator 2 corresponding to 
the slice count value in the folloWing manner. 

Since the initial slice count value is “0”, the rotated 
shifted amount is 0><n bits=0. Thus, as shoWn in FIG. 3, 
When the ?rst slice line is input, the ?rst rotate-shifter 4 does 
not rotate and shift data thereof. The Write addresses 
received from the Write address generator 2 are directly 
supplied to the display memory 5. The memory Writing 
means 6 Writes divided picture data as one macroblock to the 
individual addresses. 

When data for one slice line has been Written to the 
display memory 5, the slice counter 3 increments by “1” and 
thereby the count value thereof becomes “1”. In addition, the 
read address generator 7 generates a read address and 
supplies the read address to the second rotate-shifter 8. 

The second rotate-shifter 8 receives a slice count value 
“1” from the slice counter 3. In addition, the second rotate 
shifter 8 rotates and shifts the binary value of the read 
address received from the read address generator 7 in the 
folloWing manner. 

The read address generator 7 outputs “0” as the binary 
value of the read address corresponding to the start Word of 
the start line of the slice line. The read address generator 7 
outputs a value of Which 2” is added to the binary value of 
the read address that has been generated as a read address 
corresponding to the next Word. The read address generator 
7 outputs binary values of read addresses that increment by 
2” for individual Words until the current line is completed. 
When the current line is completed, the read address gen 
erator 7 obtains a value of Which “1” is added to the start 
address of the preceding line and outputs the resultant value 
as a read address of the start Word of the neW line. 
Thereafter, likeWise, until the current line is completed, the 
read address generator 7 outputs binary values of read 
addresses that increment by “2”” for individual Words. 
When data of the ?rst slice line is read, since the slice 

count value is “1”, the rotated-shifted amount is ((1—1)><n)= 
0. Thus, as shoWn in FIG. 4, a read address received from the 
read address generator 7 is supplied to the display memory 
5 as it is. The memory reading means 9 reads data of the read 
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address from the display memory 5. Thus, the picture data 
of the ?rst slice line is displayed. 
As shown in FIG. 7, When a line of picture data is read 

from the display memory 5, a line 21 of Which data in the 
horizontal direction has been read is generated. A feature of 5 
the present invention is in that an area of Which data has been 
read in the horiZontal direction of the display memory 5 is 
assigned as a storing area 22 of data of the neXt slice line. 
Each address of the line 21 from Which data has been read 
in the horiZontal direction is equal to a value of Which a 
binary value of each Write address that is successively output 
from the Write address generator 2 is multiplied by “2”” that 
is the number of piXels in the vertical direction of the 
macroblock. The ?rst rotate-shifter 4 generates each address 
of an area of Which data has been read in the horiZontal 
direction. 

In other Words, the ?rst rotate-shifter 4 rotates and shifts 
the binary value of each Write address received from the 
Write address generator 2 to the left by (slice count value><n) 
bits. For example, When picture data of the second slice line 
is Written to the display memory 5, since the slice count 
value is “1”, the ?rst rotate-shifter 4 rotates and shifts the 
binary value of each Write address to the left by (1><n) bits. 
Thus, as shoWn in FIG. 5, When n is 4, the ?rst rotate-shifter 
4 successively outputs rotated-shifted Write addresses such 
as “0”, “16”, “32”, . . . , “240” for individual Words. Since 

data is Written to the display memory 5 corresponding to the 
rotated-shifted Write addresses, data as one macroblock of 
the neXt slice line can be Written to an area of Which data has 
been just read from the display memory 5 in the horiZontal 
direction. 

After the picture data of the ?rst slice line has been 
displayed, When all data of the second slice line has been 
Written to the display memory 5, the slice counter 3 incre 
ments the slice count value by “1”. Thus, the slice counter 
3 outputs a slice count value “2”. 

When data of the second slice line is read, since the slice 
count value is “2”, the rotated-shifted amount of the second 
rotate-shifter 8 becomes (2—1)><n bits. Thus, the second 
rotate-shifter 8 rotates and shifts the binary value of each 
read address received from the read address generator 7 to 
the left by n bits and outputs the resultant data to the display 
memory 5. 

Thus, as shoWn in FIG. 6, When n is 4, the second 
rotate-shifter 8 successively outputs rotated-shifted read 
addresses such as “0”, “256”, “512”, and so forth for 
individual Words. Thus, data of the second slice line is read 
from the display memory 5. 

Likewise, the reading operation and the Writing operation 
of subsequent slice lines from/to the display memory 5 are 
performed. 

Thus, since the apparatus according to the embodiment is 
structured in such a manner that an area of the display 
memory 5 from Which picture data of a particular slice line 
has been just read is assigned as a Write area for picture data 
of the neXt slice line. Consequently, the storage capacitance 
required for the display memory 5 can be decreased. In other 
Words, so far, the conventional apparatus required the stor 
age capacity for tWo slice lines. HoWever, With the apparatus 
according to the embodiment, the required storage capacity 
of the memory can be reduced to a storage capacity for one 
slice line. 

In addition, the present invention can be also applied to 
picture data encoded in frame structure as Well as picture 
data encoded in ?eld structure. When picture data encoded 
in the frame structure is processed, picture data for one 
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6 
frame is decoded tWice in one frame period (picture data for 
one frame is decoded for each ?eld period). Picture data for 
one frame decoded in one ?eld period is input to the 
apparatus according to the embodiment. Only data of one 
?eld is extracted and displayed. Picture data for one frame 
decoded in the other ?eld period is input to the apparatus 
according to the embodiment. Only data of the other data is 
eXtracted and displayed. Thus, even if picture data encoded 
in the frame structure is processed, the required storage 
capacity necessary for the display memory can be sup 
pressed to a storage capacity for less than tWo slice lines. 

Although the present invention has been shoWn and 
described With respect to a best mode embodiment thereof, 
it should be understood by those skilled in the art that the 
foregoing and various other changes, omissions, and addi 
tions in the form and detail thereof may be made therein 
Without departing from the spirit and scope of the present 
invention. 

What is claimed is: 
1. An apparatus for controlling a display memory for 

storing decoded picture data as one macroblock, comprising: 

dividing means for dividing decoded picture data as one 
macroblock in a vertical direction; 

Write address generating means for generating the binary 
value of a Write address necessary for Writing the 
divided picture data to the display memory; 

means for counting the number of slice lines of picture 
data that has been Written to the display memory; 

?rst shifting means for rotating and shifting the binary 
value of the generated Write address to the left by a ?rst 
bit number corresponding to the number of slice lines 
counted; 

means for Writing the divided picture data to the display 
memory corresponding to the Write address that has 
been rotated and shifted; 

read address generating means for generating the binary 
value of a read address necessary to read picture data 
from the display memory; 

second shifting means for rotating and shifting the binary 
value of the generated read address to the left by a 
second bit number corresponding to output data of said 
counting means; and 

means for reading picture data from the display memory 
corresponding to the read address that has been rotated 
and shifted. 

2. The apparatus as set forth in claim 1, 

Wherein said dividing means divides the picture data 
decoded as one macroblock into 2” piXels in the vertical 
direction of the macroblock, 

Wherein said ?rst shifting means rotates and shifts the 
binary value of the generated Write address to the left 
by a ?rst bit number of Which the counted slice line 
number is multiplied by “n”, and 

Wherein said second shifting means rotates and shifts the 
binary value of the generated read address to the left by 
a second bit number of Which a value of Which “1” is 
subtracted from the counted slice line number is mul 
tiplied by “n”. 

3. The apparatus as set forth in claim 1, 

Wherein said Write address generating means successively 
generates binary values of Write addresses that incre 
ment from “0” by “1” from the start slice line. 
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4. The apparatus as set forth in claim 1, 

wherein said read address generating means successively 
generates binary values of read addresses that incre 
ment from “0” by “1” as the start address of a line to 
be read Whenever the line to be read is changed and 
successively generates binary values of read addresses 
that increment from the binary value of the start read 
address of the line to be read by “2””. 

5. A method for controlling a display memory for storing 
decoded picture data as one macroblock, comprising the 
steps of: 

dividing decoded picture data as one macroblock in a 
vertical direction; 

generating the binary value of a Write address necessary 
for Writing the divided picture data to the display 
memory; 

rotating and shifting the binary value of the generated 
Write address to the left by a ?rst bit number corre 
sponding to the number of slice lines counted; 

Writing the divided picture data to the display memory 
corresponding to the Write address that has been rotated 
and shifted; 

generating the binary value of a read address necessary to 
read picture data from the display memory; 

rotating and shifting the binary value of the generated 
read address to the left by a second bit number corre 
sponding to the number of splice lines of picture data 
that has been Written to the display memory; and 

reading picture data from the display memory correspond 
ing to the read address that has been rotated and shifted. 
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6. The method as set forth in claim 5, 

Wherein the dividing step is performed by dividing the 
picture data decoded as one macroblock into 2” piXels 
in the vertical direction of the macroblock, 

Wherein the ?rst shifting step is performed by rotating and 
shifting the binary value of the generated Write address 
to the left by bits corresponding to a value of Which the 
number of slice lines of picture data that has been 
Written is multiplied by “n”, and 

Wherein the second shifting step is performed by rotating 
and shifting the binary value of the generated read 
address to the left by bits corresponding to a value of 
Which “1” is subtracted from the number of slice lines 
that have been Written to the display memory is mul 
tiplied by “n”. 

7. The method as set forth in claim 5, 

Wherein the Write address generating step is performed by 
successively generating binary values of Write 
addresses that increment from “0” by “1” from the start 
slice line. 

8. The method as set forth in claim 5, 

Wherein the read address generating step is performed by 
successively generating binary values of read addresses 
that increment from “0” by “1” as the start address of 
a line to be read Whenever the line to be read is changed 
and successively generating binary values of read 
addresses that increment from the binary value of the 
start read address of the line to be read by “1””. 

* * * * * 


